Objective. The aim of this research was to assess the efficiency of different multifactor models in caries prediction. Material and methods. Data from the questionnaire and objective examination of 109 examinees was entered into the Cariogram, Previser and Caries-Risk Assessment Tool (CAT) multifactor risk assessment models. Caries risk was assessed with the help of all three models for each patient, classifying them as low, medium or high-risk patients. The development of new caries lesions over a period of three years [Decay Missing Filled Tooth (DMFT) increment = difference between Decay Missing Filled Tooth Surface (DMFTS) index at baseline and follow up], provided for examination of the predictive capacity concerning different multifactor models. Results. The data gathered showed that different multifactor risk assessment models give significantly different results (Friedman test: Chi square = 100.073, p=0.000). Cariogram is the model which identified the majority of examinees as medium risk patients (70%). The other two models were more radical in risk assessment, giving more unfavorable risk -profiles for patients. In only 12% of the patients did the three multifactor models assess the risk in the same way. Previser and CAT gave the same results in 63% of cases -the Wilcoxon test showed that there is no statistically significant difference in caries risk assessment between these two models (Z = -1.805, p=0.071). Conclusions. Evaluation of three different multifactor caries risk assessment models (Cariogram, PreViser and CAT) showed that only the Cariogram can successfully predict new caries development in 12-year-old Bosnian children.
Introduction
Caries risk is defined as the probability of an individual developing at least a certain number of caries lesions during specific period of time (1) . Risk assessment is important step in decision-making and treatment planning. Routine preventive measures and recommendations are very effective within the general population but they do not target patients that are at greater than average risk (2) . Caries risk assessment is a very complex issue, due to its multicausal etiology, the numerous and complex relations and interactions between caries risk factors, and the dependency of each factor on dose, frequency and duration. Many models for caries risk assessment (CRA) had been suggested, including different numbers and combinations of caries risk factors as caries predictors, different modes of evaluation and interpretation of risk assessment results. Models that contain only one or two risk factors, cannot predict future caries development successfully (3, 4, 5) . In assessing the risk, more complex models, that operate with several risk factors, should be used. Nowadays, there are few risk models based on a multifactor concept (6, 7, 8) . Caries risk models should also evaluate risk factors together and simultaneously, so some of the recent CRA models are based on information technology (9) .
Most research has analyzed the role and power of single or mulitple risk factors as predictors of future caries development, but very little research has evaluated the success of multifactor models suggested for caries risk assessment, as shown in Siyama and al. 's review of literature (10). Accuracy of prediction models must be determined in longitudinal studies, but most research has a crosssectional study design (11) .
The aim of this study was to assess the efficiency of three different, multifactor caries risk assessment models [Cariogram, Previser and Caries-Risk Assessment Tool (CAT)], by comparing caries risk assessment with the actual caries increment in 12-year-old children, over a 3-year period.
Subjects and methods

Subjects
The study population consisted of 109 schoolchildren who were 12-years old at the start of the study. All the children live in Sarajevo, the capital of Bosnia and Herzegovina (the total population of Sarajevo is nearly 450,000 inhabitants). Three elementary schools were selected -a private school where parents pay full school fees, a private school where underprivileged children have free education, and one state-run school from the Novo Sarajevo municipality. 40 pupils were selected randomly from each school. Eleven children did not participate in the study (5 children chose not to participate in the study, 6 children did not come to examinations). This resulted in a study population of 109 children at baseline, 60 boys and 49 girls. The follow-up study was conducted 3 years later. The children were reexamined by the same examiner, using the same procedure as that practiced at baseline. The follow-up sample included 70 children (64.2% of the initial study population), 38 boys and 32 girls. School principals, teachers and children were given written information about the study. The parents signed informed consent forms for participation in the study. The Ethical Committee of the University of Sarajevo, Bosnia and Herzegovina approved the study.
In Bosnia and Herzegovina, all children up to age of 18 have free access to regular dental care at public dental clinics. During the period of three years, the participants in the study received regular dental care.
Study design
At baseline, the study consisted of the following steps: the questionnaire and an interview, clinical examination, saliva sampling, and caries risk assessment using CRA models. Children completed questionnaires in the school classrooms, prior to examinations. The questionnaire contained questions about: general data, questions about socioeconomic background, diet, fluoride program, tooth brushing habits, medical history and dental care. Clinical examinations consisted of: scoring of oral hygiene using the Silness -Löe plaque index, determination of dental status [Decay Missing Filling Tooth (DMFT) and Decay Missing Filled Tooth Surface (DMFS) indexes], gingival check-up (changes in colour, shape, structure and consistency of gingiva). Clinical examination was carried out by the same examiner following WHO criteria (12) . After the questionnaire, interview and clinical examination, saliva sampling was performed for each child. Saliva sampling consisted of: measurements of mutans streptococci in the saliva using a Dentocult ® SM Strip mutans test, measurements of lactobacilli in the saliva using a Dentocult ® LB test, measurements of saliva buffer capacity using a Dentobuff ® Strip test, measurement of the saliva secretion rate (paraffin stimulated saliva for 5 minutes). All tests were from Orion Diagnostica, Espoo, Finland.
Caries risk assessment, using different multifactor caries risk assessment models, consisted of the following steps. All data gained from the questionnaire and interview, clinical examination and saliva sampling are actually caries related factors/parameters needed for creation of risk profiles, based on three different caries risk assessment models. The various parameters are given a score according to predetermined scales for each CRA model (Table 1) . Different combinations of scored factors/parameters are entered into each of the CRA models -Cariogram, PreViser and CAT model and caries risk assessment is performed for each examinee. (13) . According to the weighted formula, after all data of relevance for caries are collected from the individuals, scored and entered in the Cariogram, the program presents a pie diagram with the following sectors: bacteria, diet, susceptibility and circumstances. The caries risk is express in the sector "chance of avoiding caries". When the chance of avoiding caries is high, the caries risk is small and vice versa. The chance varies on a scale from 0 to 100% -chance from 0 to 20% means that the individual has high caries risk, from 21 to 80% medium risk and from 81-100% low risk for future caries development.
PreViser -oral health risk assessment software
PreViser, Inc. is an evidence-based online risk prediction system that uses software technology to predict common oral diseases, specifically periodontitis, caries and oral cancer. PreViser is the part of OHIS TM (Oral Health Information System) and contains three different parts: a Periodontal Assessment Tool (PAT), a Caries Risk Tool and an Oral Cancer Risk Tool. The "Caries (tooth decay), Root, and Fracture Risk Assessment" input form for patient age 9-18, consists of questions about patient history and clinical data (general information about the patient, data about the tooth most recently exposed to saliva for the last 12 months and months that patient has been caries free, data about oral hygiene, diet content and frequency, fluoride program and orthodontic appliances). PreViser calculates risk online, in a central software unit, and expresses it as low/moderate/high risk. High risk means that the patient is very likely to have a cavity within the next 3 years.
Caries-Risk Assessment Tool
The Caries-Risk Assessment Tool (CAT) is the tool for risk assessment of infants, children and adolescents, supported by the American Academy of Pediatric Dentistry. This tool is based on a set of physical, environmental and general health factors. Factors evaluated in the CAT, determined by interviewing the parent/primary caregiver are: exposure to fluoride, dietary and oral hygiene habits, socio-economical status, dental care, medical conditions that impact motor coordination/cooperation or impair saliva, orthodontic/oral appliances, the time lapsed since child's last cavity. Clinical evaluation connotes visible plaque, gingivitis, presence of enamel demineralization, enamel defects, deep pits and fissures, and previous caries experience. Radiography and saliva tests (levels of mutans streptococci and lactobacilli) are not essential for using CAT (supplemental professional assessment). Depending on the score/value given to the parameters, individual overall caries risk assessment is based on the highest level of any aforesaid risk indicator (low/medium/high risk).
The caries increment was estimated after 3 years. At follow up, all the children were examined by the same examiner. Following the same diagnostic criteria and procedure as done at baseline, the DMFT and DMFS index was computed for each examinee.
Statistical methods
Results are shown using descriptive statistics (frequency distributions, mean±SD) and presented in tables and figures. The Kappa coefficient was used to evaluate the extent of agreement between risk profiles assessed by two different CRA models. To test the differences in caries risks, assessed with three different CRA models (Cariogram, PreViser and CAT), a non-parametric Friedman test was used. The Wicoxon signed rank test was used to test the differences between two risk profiles. The level of significance was set at p<0.05. Logistic regression analyses were carried out to test CRA models to predict the development of new caries lesions. The response variable was DMFS increment (difference between DMFS at baseline and follow-up), presented as no new caries/new caries over a period of 3 years. For statistical analyses, SPSS 15.0 (SPSS, Inc, Chicago, Il) version 9 software was used.
Results
The figure presents caries risk assessment results at baseline for 109 examinees with three different multifactor models. According to the Cariogram, 70.9% of children were in the medium risk group and only 7.3% in the high risk group. According to PreViser and CAT the majority of children were in the high risk group.
Risk assessed with Cariogram and Previser was identical in only 30.02% of individuals. In the group of 30.02% identical risk profiles, 10.1% of the examinees showed assessed risk as low, 12.8% as medium and 7.3% as high. Cariogram and CAT created identical risk profiles in only 19.2% cases (6.4% low, 5.5% medium and 7.3% high caries risk). Agreement of risk profiles between Previser and CAT was found in 62.4% examinees (3.7% low risk, 1.8% medium risk and 56.9% high risk).
To evaluate the extent of agreement between risk assessed by different models, the Kappa coefficient was used. There was poor agreement between Cariogram and PreViser (kappa coefficient=0.139, p=0.000), Cariogram and the CAT model (Kappa coefficient=0.053, p=0.049) and between PreViser and CAT (Kappa coefficient=0.103, p=0.143).
To test the differences between caries risk profiles assessed with Cariogram, PreViser and CAT, the non-parametric Friedeman test was used. Mean ranks were: Cariogram 1.36,
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Previser 2.23, CAT 2.41. The test showed that there are significant differences between risks assessed with three different CRA models (Chi square = 100.073, p = 0.000).
The Wilcoxon signed rank test was performed to test the differences in risk profiles between the two related groups. The results showed that there are significant differences between caries risk assessed with the Cariogram and the PreViser (Z=-6.944, p=0.000) models and between risk assessed with Cariogram and CAT (Z=-8.010, p=0.000). There was no significant difference between individual risk assessed with PreViser and CAT (Z=-1.805, p=0.071). Table 3 presents the Cariogram, PreViser and CAT risk profiles (assessed as low/medium/high) related to DMFT and DMFS indexes means at baseline and follow-up and actual caries increment of DMFT and DMFS indexes over the period of three years.
Omnibus tests of model coefficients showed Chi -square equal to 6.172 on 2 degrees of freedom (p=0.046), indicating that at least one of the covariates is significantly associated with caries increment over 3 years. Based on pseudo R square values (Cox&Snell R square = 0.084, Nagelkerke R Square = 0.141), it can be concluded that between 8.4 and 14.1 per cent of variability is explained by this set of variables. The Hosmer-Lemesh test (Chi square = 0.000, p=1.000) supports our prediction model (binary logistic model with forward LR method), as being worthwhile. Table 4 presents the results of binary logistic regression for all three CRA models. The dependent variable was the DMFS increment (difference between DMFS at baseline and follow-up), presented as dichotomous variables (no new caries/new caries, coded 0/1) over a period of 3 years. As independent variables, the value (low/medium/high risk) of risk profiles for each of the model (Cariogram, PreViser, CAT) was entered in the binary logistic model separately. 
Discussion
Caries risk assessment (CRA) is an important step in dental treatment based on the concept of minimally invasive therapy, where therapeutic and prophylactic measures are planned, based on the results of caries risk assessment. The use of numerous and non-standardized CRA protocols can lead to bias in caries risk assessment. The Moss study showed that equable criteria are essential for determination and assessment of high-risk patients (14) , and these are provided by applying standardized multifactor CRA models. There is no recommendation for dental practitioners in Bosnia and Herzegovina as to which protocol or CRA model to use in caries prediction. Bader's research showed that even if a certain protocol for CRA was recommended, it remained unclear how it was used in dental practice (15) and even more, what was the reason for using a certain type of CRA protocol (16) . CRA models vary, from simple ones that operate with only one caries risk factor to complex, multifactor models that include more sophisticated methods, like microbial tests, saliva analyses and so on. Models that include only one caries -related factor or a combination of two risk factors, cannot predict the risk of future caries development successfully (3, 4, 5) . In our study, we used three different, standardized, multifactor CRA models (Cariogram, PreViser and CAT) to assess the risk in 12 year old children. The caries risk was categorized as low, medium or high, using all three models for each individual. The results showed that very often, CRA models assessed the risk differently -with one model, the child was assessed as a low risk but with another model as a medium, or high-risk patient. PreViser and CAT were more radical in CRA, giving more unfavorable risk profiles, compared to the Cariogram. According to the CAT model, almost 80% of children were in the high-risk group. The reason for this is probably the way of categorization of risk groups, where individual overall caries risk assessment is based on the highest level of any aforesaid risk indicator (low/medium/high risk). That way, the same importance was given to each of the caries risk factors included in the CAT model. What this means is that a patient with beneficial (categorized as low risk) values/scores of all factors and only one unfavorable factor (categorized as high risk) will be categorized as a "high risk patient". The PreViser model gave more favorable overall risk profiles for examinees than the CAT model, where about 70% children were in the high-risk group. The Cariogram model assessed less than 10 % children as high risk. Its categorization into risk groups is more moderate compared with the other two models. All three models assess the risk identically for only 12 % of examinees. The greatest agreement in results was shown by PreViser and CAT (63% of cases), where the majority of children were in the high-risk group (57%).
There is not much scientific evidence of the efficiency of multifactor risk models. Evaluation of the Cariogram model through longitudinal research (examinees being school children aged 10-11 and older examinees aged 55, 65, 75) has showed that it can predict caries efficiently, better than any other model that includes single risk factors (13, 17, 18 (19) . On the other hand, Holgerson et al. showed that a modified Cariogram applied to preschool children was not particularly useful in identifying high caries risk patients in a low-caries community (20) . In the study of Utreja et al., conducted to evaluate the accuracy of the Cariogram in predicting the oc-currence of caries in first permanent molars in 30 children aged 8, the results revealed that the Cariogram had a diagnostic accuracy of 63.33%, thus emphasizing the need for better prediction models (21) . In our study, the Cariogram was used on the basis of the original manual, without any modification of the program or risk factors entered into the Cariogram (22) . The study results showed that the Cariogram can predict risk well in our examinees. Up until now, there has only been research proving PreViser efficacy in risk prediction, and that was only for the PAT module (23, 24, 25, 26) . There has been no research to evaluate PreViser efficiency in caries risk assessment. The Caries risk Assessment Tool (CAT) helps in identification of caries risk factors, identification of the high-risk children and better caries prediction (27) . Based on our results, PreViser and CAT cannot predict caries successfully in our examinees.
The analyses of the advisability and adequacy of risk factors entered into a certain multifactor risk model, the mode of registration and scoring of risk factors, are beyond the scope of this research. However, it should be noticed that there is still no international consensus about which factors in risk assessment should be considered and how to evaluate them (28). Zero et al. evaluated predictive power of multifactor CRA models in patients of various age. They showed that the predictive powers of different CRA models depend on the characteristics of the population for which the models are designed, and that any combination used for CRA is not constantly good when applied to different groups of examinees (e.g. different age groups) (29) . Powel concludes that the CRA model must be adjusted to the patient's age as well as to caries prevalence inside the population (30) . Each specific target population group (preschool children, teenagers, adults, and older patients) should have their own set of caries-risk variables to be considered during CRA. Taking all of the above into consideration, it should be noted that the Cariogram, the PreViser and the CAT were created and developed for populations of relatively low caries prevalence (USA, Sweden). It is somewhat expected that these models would not show equal efficiency when applied to 12-year-old Bosnian children (within a population of high caries prevalence and a completely different model of dental care compared to Sweden and the USA) (31) . For these reasons, before we reject the models that did not show good efficiency in caries prediction (PreViser and CAT), the same models should be tested on a larger number of examinees from various populations and different age groups.
Conclusion
Within all the limitations of this study, it can be concluded that our results suggest that of the three different multifactor CRA models (Cariogram, PreViser and CAT) only the Cariogram can successfully predict new caries development in Bosnian 12-year-old children (a high risk community).
